IMPORTANCE Systemic therapy for metastatic melanoma has evolved rapidly during the last decade, and patient treatment has become more complex.
M
etastasectomy is a proven treatment approach in controlling widespread tumor dissemination. 1 In certain malignancies, such as colorectal cancer, surgical treatment of metastases complements systemic chemotherapy and offers the best chance for cure in patients with isolated liver involvement. 2 Five-year survival rates in surgically treated patients with stage IV colorectal cancer have consistently been reported to range from 30% to 60%. [3] [4] [5] [6] Similarly encouraging results have been achieved in highly selected patients with renal cell carcinoma, 7, 8 with up to 50% experiencing no recurrence at a median of 43 weeks and 95% surviving at 109 weeks. 9 To our knowledge, surgical outcomes in patients with metastatic melanoma have not been clearly defined in the era of evolving and effective systemic therapeutics. Historically, metastasectomy was the sole modality offering long-term survival in patients with stage IV melanoma. Several reports demonstrated acceptable outcomes after surgical treatment of metastases in select melanoma cases involving the gastrointestinal (GI) tract, liver, adrenal, pancreas, and spleen, with median overall survival (OS) of more than 1 year and potentially up to 27 months. 1, [10] [11] [12] [13] The most effective systemic chemotherapy (ie, dacarbazine) and immune modulating agents (ie, interleukin-2) prior to the modern era produced response rates of 15% to 20%, in exchange for significant toxicity. 14 These older systemic treatments have given way to a newer class of immune and targeted therapies that have shown lasting results. [15] [16] [17] [18] [19] [20] [21] [22] While many systemic therapies, like ipilimumab, started receiving US Food and Drug Administration approval in 2011, they have been available through clinical trials since the early 2000s. For example, clinical trials investigating the efficacy of ipilimumab, a monoclonal antibody that blocks cytotoxic Tlymphocyte antigen-4 and causes a release of the inhibition against the antitumor T-cell response, became available to patients with metastatic melanoma in 2004. These landmark studies demonstrated a durable response to treatment in 20% to 30% of patients with stage IV melanoma, 16 thus ushering in a new era of systemic treatment for melanoma Given the paradigm shift regarding the treatment of patients with stage IV melanoma, the role of surgical resection for abdominal visceral melanoma metastases remains unclear. Our aim was to evaluate the survival benefit achieved through surgical resection of melanoma metastatic to the abdominal viscera in patients treated in the modern treatment environment.
Methods
We used our institutional melanoma database to prospectively collect data on database-identified patients with stage IV melanoma with potentially resectable abdominal metastases before and after (2004-2014) advances in systemic therapies. Because our institution is a tertiary referral center for melanoma, all patients eligible for systemic therapy were enrolled in clinical trials testing the efficacy of immune and targeted therapy starting in 2004. As a result, this year was chosen to define the beginning of the modern era of systemic treatment, as represented in our database. Ipilimumab was the first immunotherapy available to the patients on trial, but toward the end of the period, several patients gained access to PD-1 inhibitors (ie, nivolumab and pembrolizumab). The timing of systemic therapy varied from patient to patient, although patients received neoadjuvant therapy as a general rule, and metastasectomy was considered for sites of resistance. In some cases, patients who were symptomatic underwent surgical resection prior to initiating systemic therapy. Abdominal metastases were defined as disease involving the GI tract (ie, the stomach, small intestine, large intestine, and rectum), liver (including biliary tract), adrenal glands, pancreas, or spleen. Patients with multiple abdominal sites of disease were grouped into a separate cohort. Patient data (age at stage IV disease and sex) and primary tumor data (Breslow thickness, location, and ulceration) as well as data on metastatic disease (prior stage III, isolated vs systemic metastases, abdominal metastases-free survival, and abdomen as first site of stage IV disease) and treatment information (surgery and immunotherapy) were collected. Surgery was defined as curative or palliative based on intent. Patients with incomplete therapy or survival data were excluded. Subgroup analysis by abdominal disease site was performed. This study of deidentified data was exempted from review by the Western Institutional Review Board. Informed consent was waived, as all data was deidentified and contained in a secure, passwordprotected database on the institution's server.
Descriptive statistics with the χ 2 test (for categorical variables) and t test (for continuous variables) were used to compare variables between the 2 treatment periods. The primary end point was OS from date of stage IV diagnosis. KaplanMeier curves were calculated, and differences in treatment period were compared using the log-rank test. Univariable and multivariable analysis using the Cox proportional hazards model was performed to evaluate the influence of various factors, including metastatic site, surgery, and treatment era, on OS. A 2-sided P value less than .05 was considered significant. All analyses were performed using SPSS statistical software version 17.0 (IBM Corporation).
Results
Of 5668 patients identified within the database with stage IV melanoma, 1623 had abdominal metastases, including 336
Key Points
Question What is the role of surgical resection of abdominal visceral melanoma metastases in the era of modern systemic therapy?
Findings In this review of 1623 patients with abdominal visceral melanoma metastases, median overall survival was superior in surgical (18.0 months) vs nonsurgical (7.0 months) patients. The most favorable 1-year and 2-year overall survival was seen after surgery for gastrointestinal tract and liver metastases, respectively, and the era of systemic treatment did not have a significant effect.
Meaning Surgical resection of abdominal visceral melanoma metastases continues to afford patients durable long-term survival irrespective of advances in systemic treatment.
patients (20.7%) with metastases in the GI tract, 697 (42.9%) in the liver, 138 (8.5%) in the adrenal glands, 38 (2.3%) in the pancreas, 109 (6.7%) in the spleen, and 305 (18.8%) with multiple sites. Patients with GI tract involvement had the best OS outcomes, with 1-year, 2-year, 5-year, and 10-year survivals of 37%, 30%, 23%, and 11%, respectively. Patients with abdominal metastases undergoing surgical resection had a superior median survival compared with patients treated medically (18 months vs 7 months; P < .001). Significant variability was apparent when subdividing patients with stage IV melanoma by site of abdominal metastasis. The most favorable outcomes were observed in patients undergoing surgery for GI tract metastases, with greater than 50% surviving 1 year and almost one-third surviving 5 years. Patients with liver, pancreas, spleen, and even multiple abdominal sites undergoing metastasectomy also exhibited a significant survival benefit vs those treated nonsurgically ( Table 1) .
Patients were next split into 2 cohorts based on the era of systemic treatment (1969-2003 and 2004-2014) . In the earlier period, 1303 patients were evaluated for abdominal metastases vs 320 patients during the more contemporary era. The patients seen in the modern treatment era were younger (mean, 53.1 years vs 60.5 years; P < .001) with a higher rate of head and neck and extremity primary melanomas (43% vs 33%, respectively). Significantly fewer patients were diagnosed as having stage III disease, with longer mean metastasis-free intervals (85.8 months vs 62.4 months) prior to identification of abdominal metastases ( Table 2) . Patients with abdominal metastases diagnosed during the 2004-2014 systemic treatment era had improved median OS compared with stage IV patients with melanoma diagnosed prior to 2004 (11 months vs 8 months, respectively; P = .003). Surgically treated patients showed a trend toward better survival during the modern era.
Multivariable Cox regression analysis controlled for differences between the 2 systemic treatment eras. Older age at stage IV diagnosis (hazard ratio [HR], 1.01; 95% CI, 1.00-1.01; P = .02) and the presence of ulceration (HR, 1.21; 95% CI, 1.01-1.45; P = .04) were associated with poorer survival. Conversely, GI tract metastases (HR, 0.65; 95% CI, 0.48-0.87; P = .004) and treatment with metastasectomy (HR, 0.59; 95% CI, 0.46-0.74; P < .001) were associated with better OS. Importantly, treatment during the more contemporary systemic treatment era did not have a significant effect on survival ( Table 3) .
A subgroup analysis was performed on patients with only GI tract metastases because these patients showed the best outcomes of all intra-abdominal sites investigated. Four hundred sixty-one patients with GI tract involvement (336 with GI tract only plus 125 with GI tract and another abdominal site) were analyzed and found to have similar demographic and clinical characteristics compared with the overall cohort. However, a greater proportion (259 of 461 [56.2%]) were treated surgically. Patients undergoing combined treatment with surgery and immunotherapy had a median OS of 23 months, which was similar to those treated with surgery alone (21 months) and significantly longer than those patients receiving either immunotherapy alone (6 months) or no therapy (5 months; P < .001) (Figure 1 ). Patients whose GI tract metastases were treated surgically with curative intent had a median OS of 64 months. Alternatively, patients receiving palliative surgery or no surgery demonstrated significantly inferior survival ( Figure 2) .
Interestingly, patients found to have GI tract metastases incidentally on routine surveillance imaging had an improved median OS compared with patients presenting with symptoms (39 months vs 19 months; P < .001). While patients with abdominal pain (yes, 12 months vs no, 26 months; P = .01) or obstructive symptoms (yes, 12 months vs no, 31 months; P < .001) on presentation did worse overall, the presence or absence of anemia did not predict any differences in OS (yes, 26 months vs no, 17 months; P = .28). There was no significant difference in outcomes between metastases discovered on computed tomography compared with positron emission tomography (28 months vs 32 months; P = .69), as well as by laparoscopic vs open surgical approach (32 months vs 22 months; P = .51).
Discussion
Surgical resection of stage IV disease has increased substantially across several common cancer types, including melanoma, despite the increasing use and efficacy of modern systemic therapy. 23 A 2012 retrospective analysis of data from a multicenter randomized clinical trial highlights the value of metastasectomy in patients with m1c disease. 24 In 2014, our institution reported that stabilization on systemic therapy was the most important factor affecting survival in surgically Our study builds on these reports, which together provide solid evidence and emphasize the need for a randomized clinical trial evaluating a combination of modern systemic therapy and selective metastasectomy. Surgical resection was associated with improved median OS at all abdominal sites, with the best results occurring in patients with GI tract-only Patients with metastases to the GI tract undergoing complete, curative resection derived the greatest benefit from metastasectomy, affording patients a 64-month median OS. This could in part be owing to improved imaging techniques (ie, thin-slice computed tomography and positron emission tomography), allowing asymptomatic patients with GI tract involvement to have an earlier diagnosis and surgical treatment.
Limitations
This study, while comprehensive, was not without limitations. First, surgical intent had to be gleaned from the medical records owing to the study's retrospective nature. 
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Further, complete data on the specific immunotherapy regimens administered to patients was not available. However, because this study used data from a database from a tertiary referral melanoma center, most patients during the modern era of systemic treatment were evaluated for and treated with modern therapy. Patients were treated according to clinician preference, and treatment decisions were not based on a specific protocol. As a result, the patients within our cohort were likely carefully selected. For example, our institutional approach has been aggressive resection in younger patients resulting in longer disease-free intervals from diagnosis to the appearance of abdominal metastases. Because the study patients received their care during a 40-year period, it is possible that survival may have been affected by improvements in surgical technology, in addition to other refinements that we were unable to capture. With the advent and widespread use of more effective systemic immune and targeted therapy, we believe there is significant potential for a paradigm shift in the treatment of patients with stage IV melanoma with abdominal disease.
Conclusions
To our knowledge, this is the largest single-institution experience with abdominal melanoma metastases, and it demonstrates that surgical resection continues to afford patients durable long-term survival irrespective of advances in systemic treatments. Through application of a multidisciplinary approach, the combination of metastasectomy and cuttingedge systemic therapies could further enhance disease response and its durability. In patients who can be rendered no evidence of disease without undue surgical morbidity, we feel the most significant area of controversy is not whether to operate but how and when to coordinate resection with systemic therapy. Should surgical resection precede adjuvant therapy? Should neoadjuvant therapy be given to assess tumor biology and response to therapy? Does delaying surgery risk prevent ongoing metastatic spread? Is systemic therapy enough to render some patients no evidence of disease, and if so, is there potential for durable disease control? How many foci of disease are too many to recommend resection in the asymptomatic patient? In the Deutsch et al study, 2 variables associated with improved survival included gastrointestinal tract-only metastases and surgical resection. Older age and ulceration were associated with worse outcomes. Subgroup analysis was included for patients with gastrointestinal tract-only metastases with similar survival in patients treated with combined immunotherapy and surgery vs surgery alone. We reported our institutional series of metastatic melanoma to the gastrointestinal tract during the modern era of systemic therapy (2007) (2008) (2009) (2010) (2011) (2012) (2013) . 3 On multivariate analysis, only number of metastases and completeness of resection correlated significantly with overall survival. The use of systemic therapy was not significantly associated with survival. Most patients treated with curative intent did not receive neoadjuvant therapy. The effect of systemic therapy on outcomes in patients with oligometastatic disease remains unknown and is difficult to assess based on the available data and the bias driving patient selection for resection. 4, 5 On multivariate analysis, Deutsch et al 2 report no survival difference in patients with abdominal metastases treated before or after 2004, which is a humbling reminder that despite advances in systemic therapy, there remains much work to be done. As systemic options for melanoma evolve, continued attention to the role and timing of systemic therapy and surgical resection will be of paramount importance.
